We studied the expression of the mineralocorticoid receptor (MCR), and of the amiloride-sensitive sodium channel (ASSC) regulated by the MCR, in human leukemic cell lines. Cell extracts from TF1 (proerythroblastic), HEL (human erythroblastic leukemia) and U937 (myeloblastic) cell line were positive for the ASSC, as a 82 kDa band in Western blots developed with the aid of a polyclonal antibody raised against the peptide QGLGKGDKREEQGL, corresponding to the region 44-58 of the ␣ subunit of the epithelial sodium channel (ENaC) cloned from rat colon, linked to KLH. The polyclonal antibody against the MCR revealed a single band of about 102 kDa in extracts from HEL and TF1 cells. The immunofluorescent labelling of the MCR in all cell lines showed a nucleocytoplasmic localization of the receptor but the ASSC was exclusively membrane-bound and these results were confirmed by confocal microscopy. The expression of the MCR in the HEL cells was evident as a predicted band of 843 bp (234 amino acids) in electrophoresis of the PCR product obtained after total RNA had been reverse transcribed and then amplified using the primers 5′-AGGCTAC-CACAGTCTCCCTG-3′ and 5′-GCAGTGTAAAATCTCCAGTC-3′ (sense and antisense, respectively). The ENaC was similarly evident with the aid of the primers 5′-CTGCCTTTATG GATGATGGT-3′ (sense) and 5′-GTTCAGCTCGAAGAAGA-3′ (antisense) as a predicted band of 520 bp. In both cases, 100% identity was observed between the sequences of the PCR products compared to those from known human sources. The multiplication of the HEL cells was influenced by antagonists (RU 26752, ZK 91587) targeted for specificity to the MCR and this was selectively reversed by the natural hormone aldosterone. These steroids also provoked chromatin condensation in the HEL population. These permit new and novel possibilities to understand the pathobiology of human leukemia and to delineate sodium-water homeostasis in nonepithelial cells. Leukemia (2000) 14, 1097-1104.
Introduction
Adrenal cortex elaborates two major groups of steroid hormones broadly classified as glucocorticoids and mineralocorticoids, but their physiological action is not class-specific such that a number of processes are influenced by both groups of steroids. The study of the mechanism of action of steroid hormones has become an important contemporary tool to elucidate the expression and organization of the complex mammalian genome. The steroid molecule binds to appropriate high affinity, low capacity soluble receptor(s) that recognizes the cognate hormone response element (HRE) in the proximal promoter via two zinc fingers for the transactivation of specific genes, that are cell and tissue-dependent. [1] [2] [3] [4] [5] Whereas the mechanism of action of glucocorticoids has been extensively studied, relatively little information is available regarding mineralocorticoids.
Glucocorticoid hormones influence a large variety of celluReceived 2 December 1999; accepted 2 February 2000 lar processes in almost all types of blood cells that include: stimulatory effects on the maturation and functional differentiation of hematopoietic cells, [6] [7] [8] inhibitory effects on the differentiation of murine leukemic cell lines, 9 ,10 induction of apoptosis, 11 activation of oncogenes 12 in various types of cells, including leukemic cells where gonadal steroids are generally cytotoxic. 13, 14 Interestingly, corticotherapy is currently used in leukemia, 11, 12 as well as for correcting anemia 15 and erythroblastopenia associated with Blackfan-Diamond syndrome. 16, 17 Resistance to corticotherapy is generally associated with a dysregulation of the glucoreceptor (GCR) but precise receptor mutations have not been identified. 11, 12 Corticotherapy is also associated with a number of sideeffects. 4, 5 Little information is currently available regarding the possible presence of the mineraloreceptor (MCR) and of their physiological effect on hematopoietic cells. Thus, lymphocytes are endowed with the MCR although its functional relevance there remains unknown. 4 A comparable study with murine osteoblastic cells revealed altered growth response with steroids targeted for specificity to the MCR 18 and a similar situation could well be envisioned with hematopoietic cells.
From the foregoing considerations, the nature of mineralotropism in general, and the overlapping effects of glucocorticoids and mineralocorticoids remain to be elucidated. The regulation of ion and water balance in the mammal is accomplished via a whole variety of ion channels, exchangers and pumps in the cell membrane that are regulated by various hormones, metabolites and cofactors. [19] [20] [21] Schematically, the vectorial Na + transport provides an electrical driving force for an anion, generally Cl − , and the net salt movement drives water flow to maintain isotonicity. 20 In a number of tight epithelia, the rate limiting step of sodium entry at the apical membrane proceeds via a channel protein whose activity and/or synthesis is regulated by several cell signalling mechanisms, including steroid hormones. 21 Indeed, both glucoand mineralocorticoids influence the amiloride-sensitive sodium channel (ASSC) in the apical membrane of the epithelial cells in appropriate organs, 21 but the regulation of this parameter in cells of other embryological origins has remained largely unexplored.
Since ion-water balance must be regulated in all cell types, it was logical to assume that hematopoietic cells may well form a suitable target for the receptor-mediated action of mineralocorticoids. This assumption was supported by the fact that gluco-and mineralocorticoids cross react easily 4, 5 and glucocorticoid action is intimately linked to the physiopathology of hematopoietic cells. 6, 16 Consequently, we explored the possible presence of the MCR and of the ASSC in various types of hematopoietic cells, including the human leukemic cell lines. The results presented here demonstrate convincingly that at least some of the leukemic cell lines express both the MCR and the ASSC and respond to mineralotropic steroids by altered growth response that may possibly be linked to apoptosis. Indeed, altered sodium flux, following the induc-tion of ASSC by mineralocorticoids, may be potentially responsible for the uncontrolled cell proliferation in cancer. Thus, leukemic cells form an interesting new model to elucidate the biological effects of mineralocorticoid hormones and these steroids may also have potential clinical applications, particularly in instances of glucocorticoid resistance.
Materials and methods

Cell culture
TF1 (proerythroblastic), HEL (human erythroblastic leukemia) and U937 (myeloblastic) cell lines were grown in tissue culture flasks in RPMI 1640 supplemented with 10% fetal calf serum (FCS), 100 units each of penicillin and streptomycin, and 2 mM glutamine. The flasks were incubated at 37°C in a 5% humidified CO 2 atmosphere. To assess multiplication, 80 000 cells were transferred to 12-well tissue culture plates (six per sample), exposed to the desired combination of steroids dissolved in ethanol (1% final) in a serum-free medium for 3 days, and finally counted manually with the aid of a hematocytometer. 18 The condensation of chromatin was measured by a fluorometric procedure with the aid of Hoechst 33342 (Germany). For this purpose, 4 × 10 4 cells were grown to 80-90% confluence in 96-well tissue culture plates and reincubated in RPMI 1640 supplemented with glutamine, antibiotics, and 2% FCS. After 18 h exposure to the desired combination of steroids dissolved in ethanol (1% final), the wells (six per sample) were flooded with 200 l Hoechst 33342 (10 g/ml in phosphate buffered saline (PBS)) for 30 min in the dark, at room temperature. The fluorescence in the tissue culture plates was thereafter quantitated by a cytofluorimeter FLUOROLITE 1000 using an excitation filter at 360 nm and an emission filter at 450 nm.
Cell extract
Fifty million cells were exposed to 2 ml hypotonic 10 mM phosphate and sonicated (3 × 15 s at 4°C). A cytosolic fraction was obtained by centrifugation at 100 000 g (60 min, 4°C). The membrane fraction was sonicated in the presence of 4 M urea. Both preparations were kept frozen at −80°C until use. The protein content was estimated by the method of Lowry et al, 18 as in previous studies.
Western blots
Cell extracts (120 g protein) were separated by SDS-PAGE on 15% polyacrylamide gels and electrotransferred to nitrocellulose membranes. After 1 h at 37°C in the presence of 15% fat-free powder milk, the membranes were flooded for 2 h at 4°C with either the anti-MCR serum (1:250) or the anti-ASSC serum (1:500) diluted in PBS containing 1% BSA. The blots were saturated with sheep anti-rabbit biotinylated antibody followed by streptavidin biotinylated horseradish peroxidase complex, for 90 min each. After repeated washings with PBS, the membranes were developed for 10-20 min in the dark with a mixture of methanol (10%), hydrogen peroxide (0.01%) and 4-chloro-1-naphthol (0.05%). The gels were cali-
Figure 1
Western blot analysis of cell extracts from human leukemic cell lines. Molecular weight markers and 120 g of either the cytosol (a-c) or the membrane fraction (d-f) were fractionated by SDS-PAGE and the gels were subjected to the Western blot analysis with the aid of either the anti-MCR serum (a-c) or the anti-channel serum (d-f). Both the HEL (a) and the TF1 (c) cell lines were positive for the MCR in the 102 kDa region but the U937 cells (b) did not exhibit this protein at all. In contrast, the sodium channel was present in all three cell lines in the 82 kDa region (d-f) and it also appeared to be glycosylated to a variable extent.
brated (BioRad, Hercules, CA, USA) and aligned with the blots.
22-26
Photochemistry Aliquots of 0.1 ml cytosol were incubated (16 h, 4°C) with 50 nM 3 H-R 5020 alone or in presence of 5 M RU 26752 that is specific to the MCR 4 and then irradiated at Ͻ1 cm for 3 min at 4°C using a double bore mercury vapor lamp (Jelight, CA, USA). After SDS-PAGE, the gels were fixed with isopropanol:water:acetic acid (25:65:10), wiped dry, and flooded with Amplify (Amersham) for 30 min, all at room temperature. The slabs were dried overnight at 37°C and then exposed to
Figure 2
Photoaffinity labelling of the MCR in the HEL cell line. 120 g cell extracts were fractionated by SDS-PAGE and the gels were thereafter processed for autofluorography as described in the Methods section. Hyperfilm MP, sandwiched between fluorographic screens (Amersham). After 13 weeks at −80°C the films were developed and aligned with the immune blots.
22-26
Immunocytochemistry
Cells were cytocentrifuged to obtain 200 000 cells per ml and 200 l were deposited on microscopic slides that were dried and fixed with 4% paraformaldehyde-0.05% Triton-X. The nonspecific binding was saturated by exposure to 5% fat-free milk (Regilait; Continent, Mondeville, France) for 15 min. The cells were thereafter flooded with 1:200 dilution of an antiserum directed against either the MCR or the ASSC for 2 h at 37°C. A second incubation (1 h 4°C) was carried out with sheep anti-rabbit biotinylated antibody (Amersham, UK) diluted 1:50 in PBS + 1% BSA. Phosphate buffered saline (PBS), containing (per liter) 1.38 g disodium phosphate, 0.25 g potassium dihydrogen phosphate, 9 g NaCl, was used for all dilutions and washes between these successive steps. Finally, the cells were treated with streptavidin-fluorescein for 1 h, 4°C, mounted in Fluoprep (Biomerio, Marseille, France) and photographed on a Kodak 400 ASA (UK) film under a fluorescent microscope (Nikon, Tokyo, Japan).
24-26
Confocal microscopy
The cells were grown in glass bottom Lab-Tek slides and fixed for 20 min with 5% formaldehyde + Triton X-100 in PBS, followed by a 10 min fixation in 5% formaldehyde alone. Thereafter, the cells were incubated sequentially with either anti-ASSC or anti-MCR serum (1:100), sheep anti-rabbit biotinylated IgG (1:500), and streptavidin-fluorescein isothiocyanate, Leukemia all diluted in PBS + 1% albumin. Each incubation step (60 min at room temperature) was followed by extensive washing with PBS. The interactive confocal scanning microscopy was carried out with the ACA 570 (Meridian Instruments, Okemos, MI, USA) under the laser power of 20 MW using a neutral density filter permitting 10% transmission. The fluorescent images were recorded at the excitation wavelength of 457 nm and an emission band pass filter at 500 nm. 27 
Analysis by PCR
Cell RNA was prepared according to the protocol of Trizol Reagent (Gibco BRL, Paisley, UK) which is an improvement over the single step RNA isolation method. 28, 29 Briefly, the cells (5 × 10 6 ) were lysed with 1 ml of Trizol and the lysate was passed several times through a pipette. After addition of 200 l of chloroform, the mixture was shaken vigorously and centrifuged at 12 000 g for 15 min at 4°C. The aqueous phase was transferred into a fresh tube, 500 l of isopropyl alcohol was added and the mixture was centrifuged at 12 000 g for 10 min at 4°C. The RNA precipitate in the pellet was washed with 1 ml 75% ethanol, mixed and centrifuged at 7500 g for 5 min at 4°C. Total RNA was dissolved in 30 l RNAse free water and quantitated by UV absorption. The ratio OD 260nm /OD 280nm was 1.6-2.0 in all cases and the RNA yield varied from 4-8 g.
One microgram of total RNA was used for reverse transcription into the complementary DNA (cDNA). RNA was denatured for 10 min at 70°C and incubated for 60 min at Madison, WI, USA) in 50 mM Tris-HCl, pH 8.3, 75 mM KCl and 3 mM MgCl 2 . The mixture was heated to 95°C for 5 min at the end of the reaction. [28] [29] [30] Polymerase chain reaction (PCR) was performed with the aid of the primers 5′-AGGCTACCACAGTCTCCCTG-3′ (sense) and 5′-GCAGTGTAAAATCTCCAGTC-3′ (antisense) for the MCR, synthesized by Genosys (UK). The ASSC was similarly analyzed with the aid of the primers 5′-CTGCCTTTATGGAT-GATGGT-3′ (sense) and 5′-GTTCAGCTCGAAGAAGA-3′ (antisense). The reaction mixture consisted of 6 l (15 ng) of cDNA, 2.5 units Taq DNA polymerase (BRL)
in the first cycle), followed by an annealing step at either 53°C or 55°C (depending on the primer) for 1 min, and an extension step at 72°C for 1 min (10 min in the last cycle) to a total of 25 cycles for ␤-actin and 35 cycles for the MCR. The PCR products (10 l) were electrophoresed on 1.2% agarose gels (BRL) in 0.45 mM Trisborate containing 0.2% ethidium bromide and 1 mM EDTA. A negative H 2 O control was similarly amplified in parallel to check the efficiency of the PCR technique.
18,28
Chemicals and reagents
The anti-MCR serum was raised by immunizing rabbits with the protein purified biochemically from rat kidney 22 presence of RU 26752 that binds specifically to this receptor; 4 the IgG fraction was obtained by fractionating the serum through a DEAE-Trisacryl column. 22 A polyclonal antibody was raised against the peptide QGLGKGDKREEQGL (region 44-58 of the alpha subunit of the epithelial sodium channel cloned from rat colon) linked to KLH. 31 ZK 91587, 3 H-R 5020 (84.7 Ci/mM, lot 2668-062), and radioinert promegestone, were purchased from New England Nuclear (Illkirch, France). The double bore mercury vapor ultraviolet lamp (80-2049-2) with power supply was purchased from Jelight. Sheep antirabbit biotinylated antibody (lot 21), streptavidin biotinylated horseradish peroxidase (lot 82), Amplify (lot 3026) and Hyperfilm MP were purchased from Amersham. All other chemicals were of high purity molecular biology grade and were purchased from the designated manufacturer. Figure 1 show that the cytosol from the proerythroblastic TF1 (a) and the HEL (c) cell lines were resolved as a single band of about 102 kDa in Western blots developed with the aid of the polyclonal antibody directed against the entire mineralocorticoid receptor (MCR), but the myeloblastic cell line (U937) did not exhibit this protein at all (b). This is comparable to the molecular weight in a number of other organs that are known to contain the MCR, [22] [23] [24] [25] [26] and correlates well with the theoretical molecular mass of 107 kDa calculated from the cloned product.
Results
Data in
1,2 The membrane fraction from all three cell lines was positive (Figure 1d-f) for the amiloridesensitive sodium channel (ASSC) revealed as a 82 kDa band in Western blots developed with the aid of a polyclonal antibody raised against the peptide QGLGKGDKREEQGL (region 44-58 of the ␣ subunit of the epithelial sodium channel or ENaC cloned from rat colon) linked to KLH. Similar results have been reported by other authors in epithelial cells. 21 The steroid binds to the receptor by noncovalent forces but chemical crosslinking is possible. [22] [23] [24] [25] The photochemical bond between the ligand and the MCR (Figure 2 ) in the presence of 3 H-R 5020 resulted in a 102 kDa band (lane b), confirming the results with immunoblots. The labelling was eliminated when RU 26752, a ligand specific to the MCR, 4 was allowed to compete with 3 H-R 5020 (lane d). A negative fluorographic pattern was also observed with nonirradiated 3 H-R 5020-cytosol complexes (lane a), confirming the specificity of the technical procedure; [22] [23] [24] [25] radioinert R 5020 greatly diminished the binding to MCR (lane c). These data provide additional evidence for the MCR in the HEL cell line.
The cellular localization of these proteins was next investigated by immunofluorescent labelling in situ. Data in Figure 3 show that compared to the control with the non-immune serum (a), the MCR could be seen as a nucleocytoplasmic protein in both the TF1 (c) and the HEL (d) cell lines, but the U937 cell line was devoid of the receptor (b), confirming the data obtained with Western blotting (Figure 1a-c) . The MCR labelling was primarily paranuclear in both the TF1 and the HEL cell lines. In contrast, the ASSC appeared to be predominantly membrane-bound in all three cell lines (Figure 4) , again confirming the data obtained with the Western blot analysis (Figure 1d-f) . Interestingly, during division of the HEL cells, the cytoplasmic MCR was centered primarily around the dividing nuclei (Figure 5a ), whereas the ASSC was heavily aligned along the membrane demarcating the dividing cells (Figure 5b ). The possible physiological significance of this sort of distribution remains unknown.
Confocal scanning microscopy confirmed the presence of the MCR-( Figure 6 ) and the ASSC- (Figure 7 ) specific immunofluorescence in the nucleocytoplasmic and the cell/nuclear envelope, respectively, in entire agreement with the immufluorescence pattern described above (Figures 3 and 4) . Furthermore, during cell division, the MCR and the ASSC were aligned along the cell nucleus and the membrane separating the dividing cells (Figure 5b and sequences 7-14 Figure 7) , respectively, as with immunochemistry ( Figure 5 ). These data support the idea that the the membrane-bound sodium channel could well be induced by transcription regulation via the MCR in the nucleocytoplasmic compartment. 14 In future, this technique may be fruitfully employed to assess the localization of various classes of steroid hormone receptors ln health and disease.
The expression of the ENaC and the MCR genes in the HEL cells was investigated by the RT-PCR of total RNA using the appropriate primers detailed in the Methods section. Data in Figure 8 show that the PCR products were finally resolved as predicted bands of 843 bp and 520 bp for the MCR and the ENaC, respectively, on agarose gels. Nucleotide sequence of PCR products from HEL cells was determined with the aid of the automatic ABI 377 sequencer (Applied Biosystems, Foster City, CA, USA). 30 In both cases 100% homology was observed with the human kidney MCR gene and with the human lung or kidney ENaC gene (data not shown). These provide unequivocal demonstration for the presence of the MCR and of the ENaC (a member of the ASSC superfamily) in the HEL cell line.
Since the HEL cells express the MCR at the protein, RNA
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Figure 5
Immunofluorescent labelling of the MCR and the ENaC during cell division. During cell division in the HEL cell line, the cytoplasmic MCR was centered primarily around the dividing nuclei (a) whereas the ENaC was mostly aligned along the membrane demarcating the mother and the daughter cells (b).
and DNA level, they should respond physiologically to steroids targeted for specificity to this receptor. To this end, cells were cultured in the presence of various combinations of MCR agonists and antagonists dissolved in ethanol (1% final), which did not influence cell multiplication compared to that in the culture medium without ethanol. Data in Figure 9 show that the multiplication of the HEL cells was decreased significantly (P Ͻ 0.001) by 3 M (c) and 1.5 M (d) of the antimineralocorticoid ZK 91587 but the cell number actually increased significantly (P Ͻ 0.001) in the presence of 0.75 M (e) and 0.3 M (f) ZK 91587. Similar results were obtained with the antagonist RU 26752 (data not shown). These paradoxical differences in the dose-dependent multiplication of the HEL cell line remain unexplained. Aldosterone (10 M) by itself neither influenced the cell multiplication (b) nor did it significantly alter the inhibitory (g, h) effects of ZK 91587. However, this same dose of aldosterone significantly decreased the stimulation of cell proliferation by 0.75 M ZK 91587 (e vs i, P Ͻ 0.001). Thus, critical levels of the agonist and the antagonist are required for an overall effect on cell proliferation.
In order to gain some insight into the nature of the underlying processes, chromatin condensation in HEL cells was studied ( Figure 10 ). This was significantly increased (bar 3) over the ethanol control (bar 1) in the presence of 3 M ZK 91587 (P Ͻ 0.001), but actually decreased (bar 4) with 0.3 M ZK
Figure 6
Analysis of the MCR by confocal scanning microscopy in HEL cells. Laser scanning was carried out every 1 m (0-22) and shows nucleocytoplasmic localization of the MCR (sequences 6-10). The 10 m marker is shown in the 12th sequence of the series.
Figure 7
Analysis of the ENaC by confocal scanning microscopy in HEL cells. This procedure revealed the presence of the sodium channel in the cell and the nuclear membranes. The 10 m marker is shown in the 16th sequence of the series. In the dividing cell, the ASSC was centered around the membrane separating the mother and the daughter cells (sequences [6] [7] [8] [9] [10] [11] [12] [13] [14] .
91587 (P Ͻ 0.001). Aldosterone (10 M) by itself not only increased the chromatin condensation significantly (bar 2), but this natural agonist also reversed both the stimulatory (bar 5) and the inhibitory (bar 6) effects of the synthetic antagonist ZK 91587 (Figure 12) . A comparison between Figures 11 and  12 does not show direct correlation between the biphasic effects on cell proliferation (increase or decrease) and the corresponding modification of chromatin condensation by mineralotropic steroids in the HEL cell population. Nevertheless, the effect on chromatin condensation may suggest possible activation of apoptosis under these conditions.
Discussion
The results described in this paper reveal a number of new and novel features of mineralocorticoid hormone action. All of the techniques used here show unequivocally that the Demonstration of the ENaC and the MCR in HEL cells by PCR analysis. The electrophoresis of the PCR products was resolved as predicted bands of 520 bp and 843 bp for the ASSC and the MCR, respectively.
Figure 9
The influence of mineralotropic steroids on HEL cell proliferation. Cells were cultured for 3 days in the presence of 1% ethanol alone (a) or steroids dissolved in ethanol (1% final) as follows: 10 M aldosterone (b), 3, 1.5, 0.75 or 0.3 M ZK 91587 (c-f respectively), 10 M aldosterone plus the above concentrations of ZK 91587 (g-j, respectively). The presence of 1% ethanol in the culture medium did not alter cell multiplication (data not shown). All values represent the average of six individual samples ± the standard error. a vs c, d, e, f, g, j = P Ͻ 0.001; a vs h = P Ͻ 0.002; e vs i = P Ͻ 0.001; a vs b or i, c vs g, d vs h, and f vs j = not significant.
Figure 10
The influence of mineralotropic steroids on chromatin condensation in HEL cells. Cells were exposed for 18 h to 1% ethanol alone (1) or steroids dissolved in ethanol (1% final) as follows: 10 M aldosterone (2), 3 or 0.3 M ZK 91587 (3, 4) , and aldosterone plus ZK 91587 (5, 6) . The cultures were thereafter treated with 200 l Hoechst 33342 for 30 min in the dark, and processed for fluorescence as described in the Methods section. The presence of 1% ethanol in the culture medium did not alter cell multiplication (data not shown). All values represent the average of six individual samples ± the standard error. 1 vs 2, 3, 4 = P Ͻ 0.001; 3 vs 5 and 4 vs 6 = P Ͻ 0.001.
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ENaC and the MCR genes were present in the HEL leukemic cell line and were transcribed and translated in these cells into RNA and protein. The MCR in the HEL cells was readily recognized by an antibody directed against the rat kidney protein purified in the presence of RU 26752 that binds specifically to this receptor. 4, 22 The estimated molecular size of about 102 kDa in Western blots is compatible with the MCR in a number of peripheral organs, [22] [23] [24] [25] [26] and with the theoretical mass of 107 kDa deduced from the cloned sequence.
1,2 Our estimate of 102 kDa for the MCR was further confirmed by the photochemical procedure where the steroid is covalently cross-linked to the hormone binding domain of the receptor. [22] [23] [24] [25] [26] The complete elimination of the radiophotochemical labelling obtained with 3 H-Promegestone (R-5020) by radioinert RU 26752 attests to the technical specificity for the MCR [22] [23] [24] [25] [26] and furthermore suggests that the hormone binding domain of the MCR in the HEL cells is structurally similar to that in the receptor from other sources. [22] [23] [24] [25] [26] The size estimate for the ENaC (a member of the ASSC superfamily) revealed a protein of approximately 82 kDa, as in studies by other investigtaors. 21, 32, 33 Immunocytochemistry demonstrated the presence of the MCR in the nucleocytoplasmic compartment of the HEL and TF1 cell lines, much as in other target organs. [22] [23] [24] [25] [26] The immunofluorescence was restricted to the membrane in these cell lines with the antibody directed against the apical sodium channel. This same subcellular localization by confocal microscopy forms an irrefutable proof for the predicted compartmentalization of these two proteins such that the expression of the membrane-bound sodium channel in HEL cells may indeed be under the genomic control of mineralotropic steroids, much as in epithelial cells, [19] [20] [21] and this was particularly evident in dividing cells.
The modification of the HEL cell proliferation by the MCRspecific, synthetic, spirolactones (RU 26752, ZK 91587) clearly suggests the presence of a functional MCR and ASSC in leukemic cells, much as in a number of other cell types. [22] [23] [24] [25] [26] Thus, cell signalling by mineralotropic steroids may be causally linked to cell proliferation and may even form an exploitable target for the control of cell mass in cancer. A rather unexpected observation here was the fact that two antimineralocorticoids could exert both an inhibitory, as well as a stimulatory effect on HEL cell multiplication. Although such a dual action has not so far been recorded within the context of mineralocorticoids, some of the steroids are well known to possess an agonist as well as antagonist activity on the estrogen receptor, depending upon the cell and the promoter context. 34 The specificity of ZK 91587 for the MCR makes it very unlikely that the steroid may bind to different classes of receptors in the cell and the estimate of Ͻ10 fmol sites per cell in our studies is in the range predicted for MCR targets. 4 A more attractive possibility is that the dual action may reflect an indirect effect mediated by cell signalling mechanisms in vivo. 35, 36 A number of cell signalling mechanisms may form possible targets for the mineralotropic steroids. For instance, altered chromatin condensation by aldosterone and ZK 91587 in HEL cells could conceivably be linked to the activation of the apoptotic pathway. The mediator(s) thereby elaborated may secondarily influence cell multiplication, as has been recorded in many other cell systems. 37 Further experiments are required to elucidate different phases of this parameter that may or may not reflect programmed cell death. Here again, as with cell multiplication, ZK 91587 could both enhance and depress chromatin condensation and this dual action remains unexplained. Collectively, the mechanism of action of mineralocorticoids comes a step closer to the effects hitherto attributed primarily to glucocorticoids.
In conclusion, the receptor-mediated action of mineralocorticoids on the ASSC appears to be a rather wide-spread feature of the living cell, contrary to earlier suggestions where this property was attributed exclusively to the epithelial cell. In particular, the activation of the ASSC in response to cell signalling by mineralotropic steroids may critically alter sodium flux which may secondarily influence cell proliferation, 38 whose dysregulation during neoplasia may contribute to the uncontrolled extension of cell mass in cancer. 39 Consequently, the differences in human leukemic cell lines may conveniently be used to elucidate various aspects of mineralocorticoid hormone action and these steroids may also form chemotherapeutic agents of some value, particularly in cells that exhibit resistance to glucocorticoids.
